Background: Ethnic differences in lung function (LF) are recognized in adults and children. Most prediction equations for LF are derived from whites, so non-whites are at risk of erroneous assessment. We hypothesized that differences in chest dimensions would explain differences in LF between Asian (Indian) and white schoolchildren. Our aim was to quantify the impact of chest dimensions on LF, which would inform our understanding of ethnic differences that have implications for healthcare. Methods: Children aged 6-11 were studied in school. A questionnaire provided information on ethnicity and respiratory health. Spirometry was used to record FVC, FEV 1 , FEF 25-75 and PEF. We measured weight, height, sitting height and chest dimensions (chest height, circumference, antero-posterior and transverse diameters). Results: Data were obtained from 294 healthy children. Standing height was the most important predictor of LF. Ethnicity was an independent predictor for all LF measures except PEF, where the effect was marginal. FVC in whites was 13.4% bigger than in Asians of the same height, and the FEV 1 was 10.6% greater in whites. The influence of chest dimensions on lung function was trivial. Body mass index was smaller in Asians but did not explain differences in LF. Conclusions: Differences in chest dimensions did not explain the substantial effect of ethnicity on LF. Mechanisms whereby ethnicity exerts its influence may include differences in inspiratory muscle strength or lung compliance but remain speculative. Nevertheless it remains imperative that ethnic differences are recognized when interpreting LF tests.
Introduction
Ethnic differences in lung function have been recognized in adults, [1] [2] [3] [4] infants, [5] and children. [6] [7] [8] [9] [10] [11] [12] [13] [14] Despite this, many lung function laboratories fail to employ race specific reference values, [15] although this may reflect a lack of available equations. Use of inappropriate prediction equations can lead to inaccurate interpretation of lung function, which may have consequences for an individual (albeit rarely) and is certainly important for research studies. [10] [16] [17] It is therefore imperative that ethnic differences in lung function are acknowledged by development and use of appropriate reference values.
The reasons for ethnic differences in lung function are not completely understood. In some ethnic groups the proportions of leg length to body height are different, and here the use of sitting height as the primary predictor diminishes the differences. [13] Socioeconomic status can be a confounding variable [18] but ethnic differences remain significant when adjustments have been made for this. [19] There is some evidence that differences in chest dimensions in adults may contribute to ethnic differences in lung function. [20] A direct comparison of white, Asian (Indian) and black children from the UK has demonstrated ethnic differences in lung function, [7] and we wanted to test the hypothesis that reduced lung function in Asian children would be explained by differences in chest size. The study was designed to characterize differences in spirometry and chest dimensions in Asian and white children. We aimed to go beyond simple reporting of ethnic differences and quantify the impact of chest dimensions on lung function, which would inform our understanding of ethnic differences that have important implications for healthcare.
Methods

Recruitment
This study took place in Leicester, where 28% of the people have ethnic origins in the Indian subcontinent (Asian). It had the approval of Leicestershire Research Ethics Committee. Power calculations prepared in advance indicated that a study of 200 children (50 for both genders in each ethnic group) would have a power of 80% to detect a difference of 7% in forced vital capacity, if such a difference existed. Children aged 6 to 11 were recruited from 9 city primary schools. They took home an information pack containing a consent form and a questionnaire to establish ethnicity and eligibility and provide information on respiratory symptoms and smoke exposure. These were returned prior to measurements taking place in schools. In order not to discriminate against children of other ethnic origins or of mixed race we allowed all those with parental consent to participate, although we report only the comparison of whites and Asians.
Children were excluded if they had a history of cardiopulmonary disease, chest wall deformity or pre-term delivery. Asthma was not an exclusion criterion unless the child required daily medication. Children with a body mass index (BMI) above 30 kg.m
Equipment and methods Anthropometry
Standing height was measured at full inspiration with a portable height measure. Measurements were made in duplicate, to the nearest millimeter, and the mean value reported. Sitting height was measured with the child seated on a flat stool. Weight was measured on electronic scales to the nearest 0.1kG wearing light clothing only. Body mass index (BMI) and z-scores for height, weight and BMI were calculated. [21] [22] Children were asked to remove all clothing from above the waist. Anatomical landmarks were palpated and marked. Chest circumference, transverse diameter and anterior-posterior (A-P) diameter were measured at the level of the mesosternale (4 th costosternal articulation). Chest height was measured from the mid-clavicular point to the lower rib border. Measurements were made at end tidal expiration. An anthropometric tape measure was used for chest circumference and height and a Harpenden anthropometer for transverse and A-P diameters. Two estimations of chest volume were made: (i) the chest was treated as a box (volume = chest height x transverse diameter x A-P diameter), and (ii) as a cylinder (volume = chest height x π r 2 , where radius was derived from the chest circumference (circumference = 2πr)).
If a child did not want to undress, measurements were made over the clothing so that s/he did not feel rejected. Such measurements were subsequently discarded. Where a child retained only a light undergarment so that anatomical landmarks could be palpated and marked by pulling the garment down at the neck or armholes, measurements were made as usual and the subsequent statistical analysis adjusted for any systematic difference.
Spirometry
Spirometry was performed using a Jaeger Masterscope (a portable laptop spirometer equipped with pneumotachograph) and software (Labmanager version 5.42). Equipment was calibrated before each recording session using a 1-litre syringe. The child was seated and wore a nose clip. Instructions and a demonstration were given and the child was allowed to practise without the equipment. A minimum of 3 and a maximum of 8 manoeuvres were performed. [23] The following measurements were made: Forced Vital Capacity (FVC), Forced Expired Volume in 1 second (FEV 1 ), Peak Expiratory Flow (PEF), and Forced Expiratory Flow between 75% and 25% FVC (FEF ). The operator rejected technically unsatisfactory recordings and examined data for reproducibility. The highest two values of FVC and FEV 1 were required to be within 5% of each other. We report the largest values of PEF, FVC, and FEV 1 , even if they come from different curves. FEF came from the curve that gave the greatest sum of FVC plus FEV 1 
.[23]
Statistical methods
Following preliminary graphical and tabular examination of the data, multiple linear regression analyses examining the simultaneous and independent effect of the demographic and clinical characteristics (ethnicity, gender, age, weight, standing height, BMI, chest circumference, chest height, transverse diameter, A-P diameter, chest volume) and each measure of lung function (FVC, FEV 1, PEF and FEF 75-25 ) were carried out. A binary indicator variable recording whether a light undergarment was worn was included in the modelling to account for any impact on chest measurements.
In all regression modelling, non-linear trends in the continuous variables such as standing height were considered by including polynomial terms. Similarly, interactions between variables were also considered. These potentially allow nonadditive effects of variables to be modelled. A manual stepwise (forwards-backwards) variable selection procedure was adopted, retaining terms if they were significant at the 5% level (except for smoking which had to be significant at the 10% level and ethnicity which was retained regardless of statistical significance). Inspection of the standardised residuals checked that modelling assumptions were met. The statistical package SPSS v9 was used for all statistical analysis.
Results
Three hundred and seven children were tested and 294 included in the analysis. Those excluded were not of Asian or white ethnicity (12 children) or had a BMI greater than 30 kg.m -2 (1 child).
Summary demographics and chest dimension statistics are shown (Table 1 ) and data on doctor-diagnosed asthma and maternal smoking are provided ( Table 2 ). The modelling of chest dimensions is available from the authors on request. The white girls were fractionally older and taller than the other groups but there was extensive overlap between all groups (Fig 1) . The analysis technique (multiple linear regression) does not require that the groups be perfectly matched for age, height and weight. We could not obtain complete data on chest measurements as some children were unwilling to undress (19 girls and 3 boys). Spirometry data from 29 children were missing or incomplete, usually attributable to poor technique. 0 Doctor-diagnosed asthma was more prevalent among white than Asian children and among boys than girls (irrespective of ethnicity). All three smoking variables had higher rates in whites than Asians. The incidence of hayfever and allergies did not differ between ethnic groupings, but a history of eczema was marginally commoner in white children.
Respiratory Function
Height was the most important predictor of lung function. Preliminary crosscorrelation analysis showed that substituting sitting height for standing height did not explain any more of the variability than standing height alone (data not shown). (Table 3) showed that height 2 significantly improved the fit of the models for FVC and FEV 1 . Chest size calculated as a box (included in preference to chest size calculated as a cylinder, although the improvement was marginal) was also a predictor for FVC and FEV 1 . Chest height was the best chest dimension predictor for PEF, while no chest dimension variables significantly improved the fit of the model for FEF . Ethnic origin was retained in all models and remained a highly significant predictor for FVC, FEV 1 and FEF 75-25 outcomes (p <0.001, p = 0.001 and p = 0.01 respectively), while its effect was marginal for PEF prediction (p = 0.055). All four models consistently estimated that Asians had lower spirometry readings having adjusted for demographic and chest dimension variables. No interaction terms significantly improved the fit of the model for any of the respiratory measurements.
Hence, the models suggest that differences in spirometry between Asians and whites are constant across the height range of this study. The predictive ability of models for FVC and FEV 1 are good with 78% and 72% of variation explained respectively, while the predictive ability of the PEF model is moderate (adj-R 2 = 45%) and the FEF 75-25 model has relatively poor predictive ability (adj-R 2 = 30%).
Discussion
We have characterised differences in lung function and chest dimensions in Asian and white children aged 6-11 years and generated predictive equations to describe the data. Ethnicity was an important independent predictor for FVC, FEV 1 , and FEF and had a marginal effect on the prediction of PEF. On average, white children had an FVC 13.39% bigger and an FEV 1 10.63% bigger than their Asian counterparts. Variations in chest wall dimensions did not explain ethnic differences in lung function.
The modelling strategy we adopted in this study was based on the original measurements without transformations. An alternative approach would be to logtransform the anthropometry and lung function measurements. If the differences in lung function between ethnic groups were proportional, then a logarithmic transformation would most readily facilitate such a comparison. The proportional differences can then readily be expressed as a percentage effect . [24] We applied this modelling strategy as a secondary analysis to investigate whether it better fitted the data and found that (i) the magnitude of the ethnicity effect was essentially unaltered and (ii) the amount of variability explained by the model was unchanged for FVC, FEV 1 and PEF and marginally worse for FEF (results not shown). We have therefore retained the original analysis, but acknowledge that a log transformation approach may be superior for a data set obtained from children over a wider range of ages and heights.
Differences in lung function
Height was the single most important predictor of lung function. Ethnicity exerted significant effects that were not explained by differences in chest dimensions. We did not find evidence of interactive effects of height and ethnicity for any outcome.
Preliminary cross-correlation analysis showed that sitting height was no better predictor of lung function than standing height. This suggests that there are no major differences in the ratio of leg length to trunk length in our groups of children, in contrast to studies comparing blacks and whites. The improvements seen in the amount of the variability explained by the equations when an additional term for a chest dimension was included were small and not sufficient to warrant routine inclusion. Although chest dimensions might theoretically be better at predicting lung volumes than height the reproducibility of the measurements may be poorer. [26] We observed an effect of maternal smoking on respiratory function. Smoking over 10 cigarettes per day was associated with a reduction in FEF . Our study was not designed to investigate the influence of exposure to smoking on respiratory function and the low rates of smoking among Asian mothers limits the power to examine any interactions between ethnicity and smoke exposure.
Our prediction equations for lung volumes generate comparable values to other studies in white and Asian subjects born in England. [7] [27] Comparing our results to studies conducted in India, white children had lung volumes approximately 17% larger than Indian children. [28] [29] The Asian children living in Leicester had lung volumes approximately 6% greater than those in India. The reasons for this probably relate to socio-economic factors including nutrition and exposure to pollution, although genetic differences within subsets of the same ethnic or racial groups cannot be ruled out. Socioeconomic status influences pulmonary function in adults, [30] but ethnic differences remain even when the study groups are restricted to young adults of similar socio-economic status, [4] or when adjustments are made for socioeconomic status and level of education. [19] We did not assess socioeconomic status in our study, but did not anticipate major differences between groups because most children live within walking distance of their primary school so may live in similar housing and have similar exposure to outdoor pollutants. Similar socioeconomic status would not, however, imply similar nutritional status and we have no information on diet in the children in this study.
FVC in boys was on average 6.2% greater than in girls, consistent with other studies that have reported gender differences between 5 and 8.5%. [7] [12] [27] [31] We found that gender was not an independent predictor of FEV 1 when other covariates were considered. It is not until after puberty that the major divergence between boys and girls occurs, with males ultimately having substantially greater lung volumes for height than females. [32] If there was any difference in the timing of puberty in the two ethnic groups such that the white children went through puberty at an earlier age this could enhance apparent ethnic differences in lung function. Although some of our oldest children would have been in the early stages of puberty, the effects of puberty on lung function are relatively late [32] and we would not expect them to have had a major impact on the population we have studied. We have been unable to find evidence for a difference in age of puberty between Asian and white children.
Lung function and chest dimensions
In a study involving chest radiographs of 38 adults, Caucasians had larger chest cavities than their Chinese and Indian counterparts. [20] Caucasians had wider chests than the other races, in accordance with our findings. A review of data from Caucasian, Chinese and Indian subjects concluded that there was relatively little difference in RV between these 3 groupings, implying that a larger total lung capacity (TLC) is responsible for the larger FVC and FEV 1 . [33] TLC reflects the size of the thoracic cage, the strength of the inspiratory muscles and the compliance of the lungs and chest wall. Our findings suggest that the last two factors are more likely to explain ethnic differences and warrant further study.
In summary, we have characterised differences in lung function between Asian and white children within the same community. Differences in chest dimensions did not explain the substantial effect of ethnicity on lung volumes, which merits further study. In view of the potential for misclassification of clinical status if ethnicity is ignored, we emphasise the need for those who measure and interpret tests of respiratory function to make allowance for ethnicity. 
